Background: Low serum zinc levels have been connected to thyroid function in more than one way, but to date there is still arguments about the association between zinc deficiency and thyroid disease, particularly in females. The aim of this study was to assess status of serum zinc levels in a sample of females with thyroid dysfunction in comparison with those of normal thyroid function and to ascertain its association with thyroid hormone levels. Patients and Methods: A case control study was conducted on 225 females referred to the Endocrine Unit for definitive diagnosis of thyroid dysfunction and 100 females with normal thyroid function, serves as a control group. Results: The results revealed that the serum zinc levels were significantly lower in Hypothyroid females(62.2±16.3µg/dl) as compared to hyperthyroid (80.5±13.9µg/dl) and controls (86.2±13.2 µg/dl) with p=0.001.The prevalence of severe zinc deficiency (<50 µg/dl) was found to be significantly higher in hypothyroid females (25.0%) as compared to hyperthyroid females (3.0%), p-value of 0.01, whereas none of the controls had severe zinc deficiency. In the hypothyroid group, positive correlations of zinc were observed with FreeT3 and FreeT4 (p=0.007, p<0.001, respectively) and a negative correlation was observed with thyroid stimulating hormone (TSH), p<0.001.In the overall studied subjects, negative correlation was also found for zinc with TSH (p< 0.001).We did not observe a significant correlation ofFT3, FT4 and TSH with zinc in controls or in hyperthyroid group. Conclusions: Decreased serum zinc levels may lead to hypothyroidism in females. Efforts to increase zinc status in this group may help correct abnormal levels of thyroid hormones. Duhok Med J 2019; 13 (1):74-82.
inc is an essential element involved in many basic biochemical reactions in thyroid 1 . It is an essential part of an enzyme 1, 5-deiodinase, which converts thyroxine (T4) into a functional triiodothyronine (T3). If zinc is low or missing from the body, T3 cannot be made 2 . Many studies have described a marked relationship between serum zinc levels and the thyroid hormones 3 .
Moreover, zinc deficiency may be a risk factor for the hypothyroidism, a condition that is highly prevalent in the Iraqi women 4 . Nevertheless, the effect of zinc Z * Assistant Professor., Department of Medical Chemistry, College of Medicine, University of Duhok, Kurdistan Region, Iraq. ** Assistant Lecturer., Department of Medical Chemistry, College of Medicine, University of Duhok, Kurdistan Region, Iraq. *** Professor., Department of Medical Chemistry, College of Medicine, University of Duhok, Kurdistan Region, Iraq. Correspondence author to: Dhia J. Al-Timimi, altmimidj@yahoo.com, Mobil +9647504228908 on thyroid hormone levels are still not clear and to date there is still arguments about the association between zinc deficiency and thyroid disease, particularly in females 5, 6 . Attempts to assess the relationship between status of serum zinc levels and thyroid dysfunction in our population are limited. We undertook this study to investigate serum zinc levels in females with hypothyroidism and hyperthyroidism and to ascertain its relationship with thyroid hormones.
MATERIALS AND METHODS
This study was conducted at Azadi Teaching Hospital, Duhok, Kurdistan Region (Iraq); during the period from February to November 2018.The study was formally approved by the research ethics committee; Directorate of Health of Duhok and the institutional Review Board of Duhok College of Medicine. The nonprobability convenience sampling technique was used. It was a case control study, in which a group of females with thyroid dysfunction was compared with a control group of normal thyroid function females to find out the relationship between serum zinc levels and thyroid hormone profiles (FreeT3, FreeT4 and thyroid stimulating hormone, TSH). Serum was obtained randomly from blood samples of 325 females; 225 with thyroid dysfunction (ages 25-70 years of age) and age matched normal thyroid females (n=100) referred to the Endocrine Unit of Azadi Teaching Hospital for definitive diagnosis of thyroid diseases. The diagnosis of hypothyroidism and hyperthyroidism were made first clinically and confirmed biochemically using FT3, FT4 and TSH. The hypothyroid group was those with elevated TSH concentration (> 10 IU/L) in the presence of low concentration of FT4 and /or FT3, while the hyperthyroid group was with suppressed or undetectable TSH concentration(<0.05 IU/L) in the presence of elevated FT4 and/orFT3 concentration. Enrollees who had normal clinical examination as well as normal thyroid function test and with no history of thyroid illness were included as normal thyroid function females (control group). Serum zinc measurement was obtained, and females with serum zinc level between 50 and 70 µg/dl considered with mildmoderate zinc deficiency, and severe deficiency for levels<50 µg/dl. Zinc levels were measured by flame atomic absorption spectrophotometer (Perkin Elmer) using a standard procedure. Serum FT3, FT4 and TSH were performed using commercially available standardized electro chemiuminescence immunoassay (ECLIA) method (Cobas 6000, Roche-Hitachi, Germany)). All data were analyzed using the statistical package for Social Sciences (SPSS) version 21(USA). Independent t-test was used to assess differences in serum analyte among groups. Categorical variables were analyzed by Chi-square test. Pearson's correlation coefficient was used to describe the association between serum zinc and thyroid hormones. Power analysis was performed for zinc and thyroid hormones with values exceeding 0.90.Pvalue <0.05 was considered as statistically significant. Table 1 illustrates the baseline characteristics of the studied females. Overall, hypothyroid females comprised 56.4% (n=127) and hyperthyroid females 43.5% (n=98).The mean serum zinc level was significantly lower in hypothyroid females compared to hyperthyroid and control females. Table 2 illustrates the percentage of females with serum zinc levels. Of the three hundred-twenty five females, 35(10.5%) had severe zinc deficiency (<50 µg/dl). Of the severe zinc deficiency females, 32(25.2%) were with hypothyroidism, and hyperthyroidism comprise 3(3.0%).Subclinical hypothyroidism was present in 48 of the females .The prevalence of females with sub-clinical hypothyroidism according to the current guidelines ranged from 10.4% of females with severe zinc deficiency to 39.6% with mild-moderate zinc deficiency (serum zinc between50-70ug/dl). Table 3 illustrates the relationship between serum zinc and thyroid hormones in hypothyroid and hyperthyroid females. In the hypothyroid group, zinc correlated positively with FT3 and FT4 (p=0.007; p<0.001, respectively) and a negative correlation was observed with TSH (p<0.001) .In the overall studied subjects, negative correlation was also found for Figure 3 and figure 4 shows a negative correlation between serum zinc levels and TSH in hypothyroid females and in the overall studied females(r=-0.56 and r=-0.46, respectively). 
RESULTS

DISCUSSION
Zinc is one of the essential micronutrients that play a significant role in the metalloenzyme process of the body 7 . Zinc is involved in protein and nucleic acid synthesis, as well as in various metabolic and cellular functions. Some Studies showed that zinc deficiency leads decrease in T3 level. In addition, a potential link between nutritional zinc deficiency and hypothyroidism has been suggested by de Lima et al and Baltaci et al 8, 9 .In our study we investigated females with and without thyroid dysfunction and we found a significant positive correlation between FT3 and FT4 with serum zinc levels in hypothyroid group, but no such correlations in the hyperthyroid and normal thyroid group. Moreover, there were significant differences in the mean serum zinc levels among the groups. It was observed that, mean serum zinc was lower in hypothyroidism females than in hyperthyroidism and healthy control females. The same manner was observed for prevalence of zinc deficiency when compared among the three groups. The current results are in agreement with finding from previous study 10 , who found that T3 and T4 were significantly lower and TSH significantly higher in zinc deficiency patients and they demonstrated that T3 levels have been increased with zinc supplementation 11 .
The present study also showed that zinc level correlated negatively with TSH in the hypothyroidism females. We found that 25% of females with hypothyroidism and that about 3% of the females with hyperthyroidism had severe zinc deficiency (<50 µg/dl). Such a high prevalence of low zinc status is worth mentioning. The potential link between zinc and thyroid metabolism is based on the hypothesis that T3 receptors, like other nuclear receptors, include nuclear zincbinding proteins 12 . Therefore, zinc is thought to be an integral part of nuclear receptor proteins, stabilizing them in a conformation required for binding to target genes 13 .Moreover, zinc is also required for the activity of the enzyme 1, 5-deiodinase, which converts biologically inactive T4 to biologically active T3 14, 15 . The fact that zinc levels are lower in hypothyroidism females, it is important to note that stronger association between hypothyroidism and zinc values have been reported for women compared with men 16 .
Our study confer a high proportion (62%)of females with hypothyroidism, but not normal thyroid females (13%) or females with hyperthyroidism (18.3%), had serum zinc levels (<70 µg/dl). These may suggest an important mechanism through which zinc can influence higher risk of hypothyroidism in our population. 
